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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a projection aligner which is able to 
correct a plurality of various abberrations including the projection 
multiplying factor of a projection optical system independently at any time. 
SOLUTION: A transfer means (5, 7) by which at least one lens (LI , L2) 
among lenses of which a projection optical system PL is composed is 
transferred along a light axis and an air pressure control means (13, 17) by 
which air pressure in spaces formed between a plurality of lenses L16-L19 
which are arranged continuously in the projection optical system are 
changed are provided. By the actions of the lens transfer by the transfer 
means and the air pressure change in the space by the air pressure control 
means, a plurality of aberrations including the projection multiplying factor 
of the projection optical system can be corrected independently. 
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CLAIMS 


[Claim(s)] 

[Claim 1] A projection aligner equipped with projection optics for projecting an image of a pattern formed in a mask 
characterized by providing the following on a photosensitive substrate A migration means for moving at least one lens 
in a lens which constitutes said projection optics in accordance with an optical axis It is the projection scale factor of 
said projection optics by operation with lens migration have an atmospheric-pressure control means for changing an 
atmospheric pressure of space formed among two or more lenses continuously arranged in said projection optics, and 
according to said migration means, and an allobar of said space by said atmospheric-pressure control means. 
[Claim 2] It is the projection aligner according to claim 1 which is made to move a lens of positive refractive power 
arranged by said migration means approaching a mask side in said projection optics, and is characterized by said 
atmospheric-pressure control means changing an atmospheric pressure of space formed among two or more lenses 
arranged continuously [ near / which was prepared in said projection optics / the aperture diaphragm ]. 
[Claim 3] A projection aligner according to claim 2 characterized by satisfying conditions of |F/Ft|<0.5 when a focal 
distance of said projection optics is set to FT and a synthetic focal distance of two or more of said lenses arranged 
continuously is set to F. 
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DETAILED DESCRIPTION 


[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] Especially this invention relates to aberration amendment of the 
projection optics in the projection aligner for manufacture of a semiconductor device, a liquid crystal device, or the thin 
film magnetic head about a projection aligner. 
[0002] 

[Description of the Prior Art] The equipment (henceforth a "stepper") which adopts as each exposure field of a wafer the 
method (step-and-repeat method) which carries out projection exposure of the mask pattern image is in use, moving 
serially the wafer which is a photosensitive substrate in a projection aligner. In a stepper, a mask pattern is exposed in 
piles on one wafer. Under the present circumstances, superposition exposure of the pattern new on the pattern already 
formed in the wafer of the before production process must be carried out in 1 / about five to 1/10 precision of resolution 
needed at the time of exposure. 

[0003] In addition, in order to create one LSI, lithography production processes, such as superposition exposure, 
development, and carrier impregnation, are repeated about dozens times. Moreover, the mask pattern which can be 
burned on one wafer is not necessarily one kind, either. Therefore, in order to raise productivity, it is common to arrange 
two or more sets of steppers on one production line, and to carry out superposition exposure of the pattern on one wafer, 
using two or more sets of steppers one by one; 

[0004] In order to secure an above-mentioned superposition precision especially, the projection scale factor of each 
projection optics carried in the stepper which constitutes the same production line must be mostly in agreement. By the 
way, in the production phase of a stepper, it is adjusted so that many aberration of each projection optics may become 
below fixed criteria. However, projection optics of the stepper installed in the same production line cannot be doubled 
with a predetermined projection scale factor in a production phase. Moreover, after being installed in a production line, 
it may originate in environmental variations, such as change of atmospheric pressure, and change of atmospheric 
temperature, and many aberration containing the projection scale factor of each projection optics may get worse. 
[0005] So, in the stepper, after being installed in a production line, the amendment device for doubling the projection 
scale factor of each projection optics with a predetermined projection scale factor is proposed variously. 
[0006] 

[Problem(s) to be Solved by the Invention] Thus, with the conventional technology, only the projection scale factor of 
projection optics is amended in the projection aligner installed in the production line. However, as mentioned above, 
when highly precise projection exposure was performed and only the projection scale factor was amended, there was 
un-arranging [ that many of other aberration like spherical aberration or comatic aberration will get worse ]. 
[0007] This invention is made in view of the above-mentioned technical problem, and aims at offering the projection 
aligner which can amend independently two or more aberration of many containing the projection scale factor of 
projection optics at any time. 
[0008] 

[Means for Solving the Problem] In order to solve said technical problem, it sets to this invention. In a projection aligner 
equipped with projection optics for projecting an image of a pattern formed in a mask on a photosensitive substrate A 
migration means for moving at least one lens in a lens which constitutes said projection optics in accordance with an 
optical axis, It has an atmospheric-pressure control means for changing an atmospheric pressure of space formed among 
two or more lenses continuously arranged in said projection optics. A projection aligner characterized by amending 
independently two or more aberration containing a projection scale factor of said projection optics according to an 
operation with lens migration by said migration means and an allobar of said space by said atmospheric-pressure control 
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means is offered. 

[Q009] According to the desirable mode of this invention, a lens of positive refractive power arranged by said migration 
means approaching a mask side in said projection optics is moved, and said atmospheric-pressure control means 
changes an atmospheric pressure of space formed among two or more lenses arranged continuously [ near / which was 
prepared in said projection optics / the aperture diaphragm ]. 

[0010] Moreover, when a focal distance of said projection optics is set to FT and a synthetic focal distance of two or 

more of said lenses arranged continuously is set to F, it is desirable to satisfy conditions of |F/Ft|<0.5. 

[0011] 

[Embodiment of the Invention] In this invention, it has the atmospheric-pressure control means for changing the 
atmospheric pressure of the space formed between the migration means for moving at least one lens in the lens which 
constitutes projection optics in accordance with an optical axis, and two or more lenses continuously arranged in 
projection optics. Therefore, a projection scale factor changes and other aberration changes with the lens migration by 
the migration means. On the other hand, similarly a projection scale factor changes and other aberration changes with 
the allobars of the space between the lenses by the atmospheric-pressure control means. Consequently, two or more 
aberration containing the projection scale factor of projection optics can be independently amended by controlling 
suitably lens movement magnitude and the amount of allobars. 

[0012] In addition, it is desirable to move the lens of the positive refractive power arranged by approaching a mask side 
in projection optics so that each aberration may change somewhat independently to image quantity. The breadth of an 
oblique ray must be small so that the chief ray from each image quantity may have estranged to some extent mutually 
and may still more specifically change somewhat independently to image quantity also about spherical aberration or 
comatic aberration. Therefore, the height of the chief ray from the maximum image quantity which passes this lens with 
a movable lens in accordance with an optical axis is 60 percent or more of the maximum image quantity, and it is 
desirable that the width of face of the marginal ray of the maximum numerical aperture and a chief ray is 1/4 or less [ of 
the diameter at the maximum equator of a lens ] . 

[0013] Moreover, as for two or more continuous lenses which receive an allobar, it is desirable for it to be arranged near 
[ which was prepared in projection optics ] the aperture diaphragm, and to satisfy the following conditional expression 

(1). 

|F/Ft|<0.5 (1) 

Here, it is the focal distance F of FT:projection optics. : If it exceeds the upper limit of the synthetic focal distance 
conditional expression (1) of two or more lenses arranged continuously, the synthetic refractive power of two or more 
continuous lenses which receive an allobar becomes weak too much, and pressure variation required to obtain a 
predetermined projection scale-factor change will become large too much. 

[0014] The example of this invention is explained based on an accompanying drawing. Drawing 1 is drawing showing 
roughly the configuration of the projection aligner concerning the example of this invention. This example shows the 
example which applied this invention to the stepper for semiconductor manufacture. In drawing 1 , the reticle R as a 
mask with which the predetermined circuit pattern was formed in the body side of the projection optics PL which 
consists of 21 lenses L1-L21 is arranged, and the wafer W as a photosensitive substrate is arranged in the image surface 
of projection optics PL. Here, Reticle R is held on the reticle stage (un-illustrating), and Wafer W is held on the wafer 
stage (un-illustrating) constituted movable two-dimensional in the field perpendicular to the optical axis AX of 
projection optics PL. 

[0015] Moreover, above Reticle R, the illumination-light study system IS for carrying out homogeneity lighting of the 
reticle R is arranged. The light supplied from the illumination-light study system IS illuminates Reticle R, and the image 
of the light source in illumination-light study equipment IS is formed in the pupil location (location of aperture- 
diaphragm AS) of projection optics PL. That is, illumination-light study equipment IS carries out homogeneity lighting 
of the reticle R under Koehler illumination. And projection exposure of the pattern image of the reticle R in which 
Koehler illumination was carried out by projection optics PL is carried out on Wafer W. In this way, a reticle pattern can 
be serially imprinted to each exposure field on Wafer W by exposing moving Wafer W two-dimensional, if a wafer 
stage is pulled. 

[0016] Projection optics PL sequentially from a body side (Reticle R side) To a body side, a concave surface To a 
positive meniscus lens [ which was turned ] LI, biconvex lens L2, negative meniscus lens [ which turned the convex to 
the body side ] L3, biconcave lens L4, biconcave lens L5, biconcave lens L6, biconvex lens L7, biconvex lens L8, 
biconvex lens L9, biconvex lens L10, and body side, a convex To a positive meniscus lens [ which was turned ] LI 1, 
biconcave lens LI 2, biconcave lens LI 3, biconcave lens LI 4, positive meniscus lens [ that turned the concave surface to 
the body side ] LI 5, positive meniscus lens [ which turned the concave surface to the body side ] LI 6, biconvex lens 
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LI 7, and body side, a convex It consists of the turned positive meniscus lens LI 8, a positive meniscus lens LI 9 which 
turned the convex to the body side, a negative meniscus lens L20 which turned the convex to the body side, and a 
positive meniscus lens L21 which turned the convex to the body side. In addition, aperture-diaphragm AS is arranged 
between the positive meniscus lens LI 5 and the positive meniscus lens L16. 

[0017] The positive meniscus lens LI arranged most at the body side is held by the lens room 4. Moreover, the biconvex 
lens L2 is held by the lens room 6. Furthermore, between the lens room 4 and the lens room 6, three driver elements 5 a- 
5c (however, 5c un-illustrating) are formed, and the lens room 6 is supported by three driver elements 7a-7c (however, 
7c un-illustrating). And it is constituted so that three driver elements 5a-5c may be carried out by the control unit 15 and 
drive control of the three driver elements 7a-7c may be carried out by the control unit 16, respectively. Moreover, the 
control unit 15 and the control unit 16 are constituted so that it may be controlled by the system control system 18. In 
addition, a piezo-electric element, a micrometer, etc. can be used as a driver element. 

[0018] Therefore, according to an operation of three driver elements 5a-5c, if the lens room 4 is pulled, in accordance 
with an optical axis AX, only the amount of requests can move a positive meniscus lens LI. Moreover, according to an 
operation of three driver elements 7a-7c, if the lens room 4 and the lens room 6 are pulled, in accordance with an optical 
axis AX, only the amount of requests can move a positive meniscus lens LI and a biconvex lens L2 in one. That is, in 
accordance with an optical axis AX, only the amount of requests can move a positive meniscus lens LI and a biconvex 
lens L2, respectively according to a collaboration operation with three driver elements 5a-5c and three driver elements 
7a-7c. Thus, three driver elements 5a-5c, three driver elements 7a-7c, the control unit 15, the control unit 16, and the 
system control system 18 constitute the migration means for moving each for a positive meniscus lens LI and a 
biconvex lens L2 in accordance with an optical axis AX. 

[0019] Moreover, the space formed between four lenses LI 6 continuously arranged rather than aperture-diaphragm AS 
at the image side, i.e., a positive meniscus lens, a biconvex lens LI 7, a positive meniscus lens LI 8, and a positive 
meniscus lens LI 9 is surrounded in the state of seal by the septum 13. The septum 13 is connected to a pressure adjuster 
17 like a pressurization-and-decompression pump, and the pressure adjuster 17 is constituted so that it may be 
controlled by the system control system 18. Therefore, only the amount of requests can change the atmospheric pressure 
of the space formed between a biconvex lens LI 7 and a positive meniscus lens LI 8 and between a positive meniscus 
lens LI 8 and a positive meniscus lens LI 9 between a positive meniscus lens LI 6 and a biconvex lens LI 7 according to 
an operation of a pressure adjuster 17. Thus, the septum 13, the pressure adjuster 17, and the system control system 18 
constitute the atmospheric-pressure control means for changing the atmospheric pressure of the space formed among 
four lenses arranged continuously. 

[0020] The value of the item of the projection optics PL in this example is hung up over the following table (1). In the 
table (1), the left end numeric character shows the refractive index [ as opposed to / in n / r / radius of curvature / of each 
lens side / d / exposure wavelength (lambda= 248.4nm) for each lens spacing ] for the sequence of each lens side from a 
body side (Reticle R side). Moreover, dO L is carrying out the table of the shaft top distance, i.e., length between object 
images, from a body side (the Rth page of reticle) to the image surface (the Wth page of wafer) for the numerical 
aperture [ distance / to the lens side by the side of a body / shaft top / beta / scale factor / of projection optics PL / 
projection / NA ] by the side of the image of projection optics PL (Wafer W side) most from Reticle R, respectively. 
[0021] 
[A table 1] 

dO =1 1 1 .4571beta =1/4NA= 0.57 L = 1000 r d nl -737.785 27.48446 1.5084 (LI) 

2 -235.289 0.91615 3 211.1786 36.64594 1.5084 (L2) 

4 -461.399 0.91615 5 412.6778 21.07142 1.5084 (L3) 

6 160.5391 16.19671 7 -604.128 7.214870 1.5084 (L4) 

8 218.1877 23.94148 9 -3586.06 11.97760 1.5084 (L5) 

10 251.8168 46.50644 11 -85.2817 11.96050 1.5084(L6) 

12 584.8597 9.96843 13 4074.801 35.29106 1.5084 (L7) 

14 -162.019 0.92274 15 629.544 41.22669 1.5084 (L8) 

16 -226.740 0.91615 17 522.2739 27.84209 1.5084 (L9) 

18-582.424 0.91615 19 423.7290 22.90371 1.5084 (L10 

20-1385.36 0.91610 21 212.0390 33.64638 1.5084 (Lll 

22 802.3695 55.30363 23 -776.570 8.703410 1.5084 (LI 2 

24 106.1728 24.08966 25 -200.683 11.45186 1.5084 (L13 

26 311.8264 59.53984 27 -77.2276 11.77233 1.5084 (L14 

28 2317.803 11.86173 29-290.886 22.90371 1.5084 (L15 
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30-148.358 1.37269 31 -5658.50 41.22670 1.5084 (L16 
32 -151.986 0.91615 33 678.1005 32.98135 1.5084 (L17 . 
34 -358.554 0.91615 35 264.2734 32.81350 1.5084 (L18 
36 2309.688 0.91615 37 171.2681 29.01459 1.5084 (L19 
38 364.7765 0.91788 39 1 13.370 76.25934 1.5084 (L20 
40 78.69823 54.30392 41 49.54433 18.64972 1.5084 (L21 
42 109.8136 0.24723 (Value corresponding to Conditions) 

(1) |F/Ft|<0.5=0.244[0022] The variation of each aberration on the wafer W when moving only a positive meniscus lens 
LI to the method of drawing Nakagami along with 100 micrometers AX, i.e., +100-micrometer optical axis, in 
projection optics PL, and extending 100 micrometers of air gaps of a positive meniscus lens LI and a biconvex lens L2 
is shown in the following table (2). In addition, in a table (2), the following tables (3), and (4), spherical aberration (the 
maximum numerical aperture) expresses the spherical aberration over the maximum numerical aperture. Moreover, the 
projection scale factor (the maximum image quantity) expresses the image quantity of the chief ray from the maximum 
body high. Furthermore, the sum of a coma expresses total with the distance in the image surface of the bottom light 
from the distance in the image surface and the maximum body high of top light and a chief ray from the maximum body 
high, and a chief ray. Therefore, when the value of the sum of a coma is positive and the method comatic aberration of 
outside is [ the value of the sum of a coma ] negative, inner direction comatic aberration will occur. 
[0023] 
[A table 2] 

gftS (ttm) 
(£*»□*) -0. 3 6 
mm (£*««) -1.39 
37(D» +0.3 9 

[0024] Moreover, the variation of each aberration on the wafer W when moving a positive meniscus lens LI and a 
biconvex lens L2 to the method of drawing Nakagami along with 100 micrometers AX, i.e., +100-micrometer optical 
axis, and extending 100 micrometers of air gaps of a biconvex lens L2 and a negative meniscus lens L3 is shown in the 
following table (3). 
[0025] 
[A table 3] 

£fcfi (iMTtO 
*VJR£ (&*«□*) -0. 8 6 
Wckm (Sckm) -1.52 
3"7©f& +0. 9 6 

[0026] Furthermore, the variation of each aberration on the wafer W when carrying out at the time, i.e., +100mmHg 
change, at which only 100 mmHg increased the atmospheric pressure of the space in the septum 13 which is carrying 
out seal envelopment of a positive meniscus lens L16 - the positive meniscus lens L19 is shown in the following table 

(4). 
[0027] 
[A table 4] 

£4tfi (/im) 
#®JD_I (fbfcWPft) -0. 2 4 
tkkm +0.45 

-0.68 

[0028] Here, only +1 micrometer for example, of projection scale factors is considered about the case where only +0.1 
micrometers amends only +0.1 micrometers of sums of a coma for spherical aberration to coincidence, respectively. 
First, it is possible by moving only -71 .9 micrometers only of positive meniscus lenses LI, for example in the direction 
of an optical axis to amend only +1 micrometer of projection scale factors. However, while only +0.26 micrometers of 
spherical aberration occur in this case, only -0.28 micrometers of sums of a coma will occur. Therefore, although a 
projection scale factor can be amended as a request, the sum of spherical aberration and a coma cannot be amended. 
[0029] Moreover, by moving only a positive meniscus lens LI and +34.1 micrometers of biconvex lenses L2 in the 
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direction of an optical axis, while moving only -109.2 micrometers of positive meniscus lenses LI, for example in the 
direction of an optical axis, while amending only +1 micrometer of projection scale factors, only +0.1 micrometers of 
spherical aberration can be amended. However, in this case, only -0.09 micrometers of sums of a coma occur, and they 
cannot amend a projection scale factor, spherical aberration, and the sum of a coma to coincidence. 
[0030] In this example, as shown in a table (2) - a table (4), a projection scale factor, spherical aberration, and comatic 
aberration change with migration of a positive meniscus lens LI, migration with a positive meniscus lens LI and a 
biconvex lens L2, and the allobars between four lenses independently, respectively. Therefore, it is possible by imitating 
the solution method of simultaneous equations and choosing suitably the movement magnitude of a positive meniscus 
lens LI, the movement magnitude of a positive meniscus lens LI and a biconvex lens L2, and the amount of allobars 
between four lenses to amend a projection scale factor, spherical aberration, and comatic aberration to coincidence. 
[0031] While moving only -133.2 micrometers of positive meniscus lenses LI in the direction of an optical axis and 
specifically moving only a positive meniscus lens LI and +49.9 micrometers of biconvex lenses L2 in the direction of 
an optical axis in the case of this example When only -20.7 mHg changes the atmospheric pressure of the space in a 
septum 13, while amending only +1 micrometer of projection scale factors and amending only +0.1 micrometers of 
spherical aberration, only +0.1 micrometers of sums of a coma can be amended. Thus, in this example, migration of a 
positive meniscus lens LI, migration with a positive meniscus lens LI and a biconvex lens L2, and the allobar between 
four lenses can amend independently the projection scale factor, spherical aberration, and comatic aberration which 
remain in projection optics PL at any time. 

[0032] The above-mentioned example shows the example which amends a projection scale factor, spherical aberration, 
and comatic aberration by migration of two lenses and the allobar of one space. However, migration of one lens and the 
allobar of one space can also amend a projection scale factor and other suitable aberration. Moreover, many aberration, 
such as for example, the amount of focal fluctuation, a curvature of field, and distortion, can also be amended with a 
projection scale factor by choosing suitably the number of movable lenses, and the number of the space in which an 
allobar is possible, moreover, the thing made for one [ at least ] lens to incline to an optical axis although two lenses are 
moved in the direction of an optical axis in the above-mentioned example — rotation - it is also possible to amend 
unsymmetrical aberration. 
[0033] 

[Effect] As explained above, in this invention, two or more aberration containing the projection scale factor of 
projection optics can be independently amended by controlling suitably lens movement magnitude and the amount of 
allobars. Therefore, after various environmental variations immediately after installing in a production line happen, 
always highly precise projection exposure can be performed by adjusting the projection scale factor of projection optics 
etc, at any time. 


[Translation done.] 
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DRAWINGS 


[Drawing 1] 
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tttts-?x*^*->*> i&R£t*R&&^. bfc*^ 
T*-£Rtt*iRi±s*afe»£> looai^'f^c 

■«»#©^yV/t*E«b».*»6©^7 l s»^*l«*ffl 
1 #©*xA±k:^*->4Rfc£fe*B#-ra© 


.tf-R«rc?»a. 

[0 0 0 43 Ht, ±$©Bia£toHi-*8*£Si«-fa{c 

tts H-SjS^-f >*«uara^ry^cflf«*nfc* 
»»**»©»*<&*#««--» bt ^tumim *> & 

v*. kci5t-. xyyy<©£RRFtC:ftvvt«\ &a& 

***©RRR#-je*R&TCfcaj:$fcER<aFft-t 
<^.£o bfrb*#&» xriss^na^T 1 

$tlfeiC*^tt« •*»E©Rfb;t>ftR©Bfl3fcirffl 

s^^bcsHb-r, £a&#^a©a&fg$4$if§t 

[0 0 0 53 *CT\ ^"^(fli, 4R7-r>fc»E 

*nfc«t*a«3te^©a««**3fs©a«fs*fc 

[0 0 0 63 

[RWtfRRbj^fc-raRR] d©<t-5c, 
■eat, 'ffit^w >t»«afnfca««3i6*Bt*v^a 

«Jfc**©a««*«tft'1fEbTV^. b*>bfc# 

±Rb;fcJ:$fc*»R*:»RB**fT'3»*» a& 
flWfctttRIE'rai:* »fflJRIM>3VJKR0J:$fcffli 
©HJRIi#Itfb bT b £ ? i: ^ -5 * 1 fc« 
[ 0 0 0 7 1 RR©BECR#Tfc#ftfc* 

©T-a&tK &R*$s©RRft*tRtrRR©RjRR* 
BRfa4c»E-racii:©-c*aa«B'jte««**tti- 

33i:4gi$i:f S. 
[0 0 0 83 

[■H«iRM-afc»©*« : ] «KWR'«;»R-ra-fc» 
ic N '-fcRBtiifeivtuu vx^tc^sftfc^-^© 
«*«jtett©»*±ca*ra*»©aK***t«it 
*a*«*«*t*v^Ts »i3»»**3R**iaTai/ 

>X©-5 %©'J>fc < 1 o©l/>X*^ffltf&^T^ 

■i**afe»ffl»i(i^ks ttiaaiafc*jRrtc#^"t 

jt«.bTE«*nfc«R©wVx©«lc:»«**iafflllB 
©SlE 4 * * S fc »©ME*J®¥S i: tiff A, b5I2 
R»*RCAai/>XR»fcl9ERfffM»*Rfc;fcai» 
E2»E©RESMbi:©f1UIK: J: RERRft¥ft©R 

««*.*««ta«©jR«*»ifc:*im-ra-i: k**s«i: 

T5a^S^«ilt««TS. 
[0 0 0 91 #Sg$©#£ b^SSSfccfctlK, mifB^tt 
#S(i^ «IEa«Jt*»t:*V%TT^»BCi£iRb"TE 
■**ifcjEIB#f*©U>X4»»**x mZ%E®mZ : 
Bttv'fflE««***rtCRtt&ftfcHPtt!>©»«fc 

^ta«btER*n'fc*R©i/>x©Bfc»js«*n 

aSB©i!lE4Rft**a. 

[0 0 101 gfc> »KaR***©RjftER* F T i: 
b> MflBXKLTER$tifeRR©l/>X©«ARjiME 
RftFkbfci:*, I F/Ft I <0. ' 5©*ff4»J£ 

raciitfffsu^ 

[0 0 111 


3i/>x©?*>©'J>*< fc* io®u>x*#nii»-3 
•t#»3*afc»©£*i*®i:*- a*jt^*rtc*^T 

j|«bTE«*ftfc*»ffll'>X<plBt»J«*ft*ffiH 

[0 0 12] «»C»UT#JK*#**S*aS 
*bl^. ££CJI#l$C{4, #<fci**6©±3te«l4 I SV 

«*&iis#> 6 ©£*»©** #«*&i^© 6 aie^Tf* 

&, «*IBPRfflHa#«fc£#«i:©*#l/>X©S 
*«g© iy4UTefc3Cfc#ff* bv>o 

[0 0 13] jEfc'; j&aE*fc*8ttsattbfc*R©U 
>Xtta****rtC»H-&*ifeMP» & ©3E«CE« 
£*U *©*frS : (l) £«J£-rS-i:##£b^o 

| F/Ft | < 0. 5 (1) 

F T : tt£*¥ft©*lUftE* 

*tt5& (l) ©±Kfil4±il5i:, ftE*fc*J6tt'** 
i^bfc«R©U>X©^JBtf** s S<'&:>)1-#T, m 

«©a»»#j£<b'*»«©c*K'teE*iiEfls#*s < * 

[0 0 14] #8B,8©f|Sfi0iJ£, »f*Bfflfc*"3V>T« 

bib* **fli©iiifi«c**»sa»ii**« 
©«na*«ii»c^tiaT.*s. *n«6«»ix-(iv 

H1C*V^, 2 HI©V>XL l~L21fr£&3a& 
ft** P L ffl»(WB ttt-Bf«©@B/< * - > n 

&Tx^i:bT©vf-^;uR<)»isiisnT*!)x a&# 

*»PL©fcfflfci4*#tt*SI:bT©$x;\W#EE- 
P L©3t*AXCSilftffirtC*^T 2 &7C«tc£i&nJ 

[0015] i/f-^;uR©±^t{±H i/f-^;vR 


BU !J»*»*PL©«ffiB (MPiKt) AS ©(fig) 
CttBUI#¥«BI S(t>©#«©«jWBj£3fta. <T& 

>>\w±na^s*?ti5« c^b-c, ^£ 

^TJ4^x;NW£2&^tt£&ft£*fc#6g#£fi : 
3 c i: C <fc ») x £x;\W±©&S#«i«K: l^f* ;i/.n* 

[0 0 16] »K3fe¥*PLtt» HMMTd/^WR 

XL K rP3fll^XL2, «Mfr«fcajB*fittfelM=. 
*#*1/>XL3, PIHlb>XL4>,W[HIb>XL5, 
KHl^XL 6, raflb>XL7, ffiflV>XL8^ ffi 
AUVXL9, raau>XL10, «{M8CflE*iR|Jtfc 
jE^-^*^b>XLlb KEIU>XL12. ffilHIU>X 
L13, ^0flV>XL14, »<MBCGflB*lM*fc-iE.tf:iX 
1/>XL15, ■»*HfciaB*iaH-fejEy =X*X U 
>XL16, fl5fll/>XL17, «jfr«ltOii*|Di[tfeiE^ 

*W>XL19, t»frffll«c:taffi*lRlW*:ft^=^*Xb> 
XL20, *J:tK»#:«it:flffiftia»fciE^=X*'XV> 
XL21fr£>#fj&£*lTV>3. fcifc. IE^-^*^U>X 
L15i:IEp<-^*^b>XL16i:©P^{c{ix PSPiRbA 
S#EB£tvtV<3 = 

[0 0 1 7] .«*«#«CE«.**ifciE>=X*^y> 
XL 114, l/>Xg4£«fcoT&8£tlT^3o £fc> 

iflL-yxL^ii; b>xS6.ci-pt<R^**vrv"> 

So £?>£x b>X^4 i:U>X!6 fc©F^t:(4 3offl 
III?5 a~5c (fc£b5 ctt^B*) #fS!tt?> 
*U l/>X*6ttao©B»*?'7 a~7 c (fc£b7 
cJ4*B^) H4.r3T£f#£*Vtt^So *bT> 3o© 
Illi?5 a-5 cBi»811 5 ti^T, 3o®I 
ttH?7 a~7 cJ4$JP£gl 6 Ki^T*ft-e*lJEl!) 

sw£ft5idicfc$£ftxv'So. nmittB'i 5 

ft*VMfH£B 1 6 {4, ^X^.AiWflPJR 1 8 J^Tiffi 
CiitfT^So 

■[0 0 18].UttfoT, 3o©iiIf5a~5c® 
ftJBCfc L/>XS4?:^>V^T(4IE^-^*^^>X 
L 1 **MAXt»b-t3fa«'«»»il***Cli:4*T» 
§So Sfes 3^)0lii?7a~7cOMt;4^ 
b>XM4 i:l/>X16 fctV^-rttiEy=XAXl/i/ 
XL 1 i:ffiGV>XL2_fcft-fcll3t**AXfc»-3T 

Bfaaei^B^-B-acfc^TJss. r*:b%» 3^© 

|g»im?5 a~5 c J:3o(0Et*?7 a~7 ckOtt 
•f^«t«tD^ iE^-^A^UVXL l*>*±VWdil/> 

*Clfc36«T?g5. ;<0J;5^ 3^I»5a~5 


3 


■ 1 BfcifclF^xAf&Jfflimi 8tt, jE^-^*^l/> 

xl i axupm&u>XL 2 **ti*i'i£*MAXfci& 

[0 0 1 9] *fcVWP«»)ASJ:Dt»iMIC*V^a 
ttUTEBSttfc 4O01/ >X> t*to'*>JE* -7.fi 7, 
L/>XL16, iSoflk>XL17, lE^-*** W>XL18 

RIS 1 3 fc«t-3T«8tt»"CS!l3*Vt W5. PSS 1 3 

tioT«6«l$n5«t-5t:«JES$tl-r^So Lfc#o 

EAllHII.l 7©fWBCJ:!K 0-7*7U> 
XL16i:P8fll/>XL17i:(DHv jSofll/>XL17i:IEX 
-7,*)Z\y>7:Lmi<Dm> iJiViE^-^^^UVX 
L18i:iEX-^*^V>XL19i:OP^CffM^il5^P^ 

d 0 =111-4571 
39 =1/4 
NA= 0.57 
L = 1000 
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7.214870 

8 
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9 
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11.97760 
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46.50644 

11 

-85.2817 

11.96050 

12 

584.8597 

9.96843 

13 

4074.801 
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14 

-162.019 

0.92274 

15 

629.544 
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16 

-226.740 

0.91615 

•17 

522.2739 

27.84209 

18 

-582.424 

0.91615 

19 
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22.90371 

20 

-1385.36 

0.91610 

21 

212.0390 

33,64638 

22 

802.3695 

55.30363 

23 
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8.703410 

24 

106.1728 . 

24.08966 

25 
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11.45186 

26 
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-77.2276 . 
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11.86173 
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**PL'fflll7cptt*»WS. « (1) t*5V>T, tc® 

rtt§U>Xffi©i^l^ d(±§lx>XEH 
nttgftttft (A = 2 4 8. 4nm) 
L-T^ 5. tfe, d 0 ttl/^*;Ht*»£gfc$l 
tt*©l/>Xfflt^©IU:re*** /JfcMSgft^PL 
NAtt»«**JRPLO*«l (^xaW 
fll) C*W-4IBP»*x- Ltt»(tar (l/^^^RBS) *» 
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1.5084 ( L 1 ) 

1.5084 (L2) 

1.5084 (L3) 

1.5084 (L4) 

1.5084 (L5) 

1.5084 (L6) 

1.5084 (L7) 

1.5084 (L8) 

1.5084 (L9) 

1.5084 (L10) 

1.5084 (Lll) 

1.5084 (L12) 

1.5084 (L13) 
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22.90371 

30 

-148.358 

1.37269 

31 - 

5658J50 

41.22670 

32 

-151.986 

0.91615 

33 
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34 

-358.554 

0.91615 

35 

264.2734 

32.81350 

36 

2309.688 
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37 

171 2681 

29.01459 

38 

364.7765 

0.91788 

39 

113.370 

76.25934 

40 

78.69823 

54.30392 

41 

49.54433 

18.64972 

42 

109.8136 

0 24723 
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[0 0 2 2] Jft«3lfi**PLt*^TiE^=^*^U> 
XL l£l**.H l t»±#'vl 00/zmt*fo*>+ 100/z 

i:i^fiiP>XL2i:ffl^^RS2: 10 0 ^miSlffci: t 
©>^\W±£:fctt3&iRM©gft;m4#©St (2) 
^"To fc:fc\ £ (2) .SiWttToa (3) 
(4) C*V>"Cx »SJRS (S*Hla«) tt, «*IBn 

ttfc#-ra8ffi*3S*ai/tns. &&&& (« 
s. 3>©»(±. 6 ©±<PJ#s§ii: 

[0 0 2 3] 
[S2] 

S»JRg CttfcNClft) -0. 3 6 
tt0tt* (&*®SS) - 1 • 3 9 

3T©?a +0.39 

[00 2 4] ttz. lEt-Z-hZUyZL 1 -fclSOUV 
XL 2 £40^73^1 0 0/zmT&fot>+. 1 0 0 um 
^AXfctto/t»ft*-*TWi!!il/>XL 2 fcJM^X 
*^l/>XL3k©ffi«PWI*l-0 O/imlfitffcfc*© 

•>x^w±fc#tt a#«ii©<£fli«**oa ( 3 ) c*- 

"To 

[0 0 2 5] 
[S3] 

SSlBiRg -0. 8 6 

- 1 . 5 2 

n-?©|n +0. 9 6 

[0 0 2 6] iE^-^*^U>XL16~E^- 


1.5084 (L15) 

1.5084 (L16) 

1.5084 (L17) 

1.5084 (L18) 

1.5084 (L19) 

1.5084 (L20) 

1.5084 (L21) 


2 4 4 

;**X^>XL19£Sgl*SBLTV^Hgl 3rt«D3SH! 
©SUE* 1 0 0mmKg1zi,m*2tt£ZTtet>*> + 
1 0 0mmHggfb£tf;fcb£©£x7\W±fc*5tt5& 

JRM©£{bM4#©Si (4) C^To 
[0 0 2 7] 
[S4] 

(Aim) 

«RJ£ 08*13 CIS) -0. 2 4 
S*ftft +0. 4 5 

nT©» -0. 6 8 

[0 0 2 8] ZZTn fci:;Ltf&fjfg$4+l,um£ 
Wv3*fflJRll4+0. Um£ll 3?0»* + O. 1 

C-7 1. 9-Atm»»**SCJ:CJ:t>Tx 
+ l/zm^ltffiiEfSCi:{±RltET*fe-So LfrUfctf 
*k C©t§£\ «ffiJRIS#+0. 2 6/*m;«£lt$B£-f 3 
ithttCx av©;|U#-0. 2 8Atm^lt^LXb* 

«fflJRH*5J:V3V©»4«iiEtS^i:ttX-§ 

[0 0 29] g=fc, fei:i«E^-^*XV>XL 1 ?: 
*tt*lRlfc- 1 0 9. 2#m'*ttfc«i*tf3i:fc«iK:jE 
^-^*71/>XL 1 fcWOI/VXL 2 fc*jfcH*fifc 
+ 34. ijum«l**»**a;cfctJ:o"t, &&fg$ 
4 + l#m«i*fljErafcfc*fc8iH***+0. ' 1/z 
mfdttffilE-f SCli:* 5 ?^*. b4»b%ii^ COi 

^VClDtf-O. 0 9/£m£l*4$±'l/ri»&V\ & 
&fg* £2*16412 £ 3 v.©ffl 1 4 PJK^ffllEt 5 £ h (i 

[0030] *sus«Tftt» a (2) ~a (4) c^-r 

IE^-7A^L/>XL 1©£»> IE-*-**:* 
U>XL 1 i:PSai/>XL 2 £©#ft:fc<fcV4 o© l/> 
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*ai/>'XL l©#ifrSx 1E*=.Z1jZ]/>XL 1 tffi 
& V >X L 2 i: «tW 4 o© 1/ >XF^©M,Eg 

5 d i: t cfc *) J tm&W& i: 3'v JRS * HKf 

[0 0 3 1] MftiflCti. *XIKfll©tt&« JE^-** 
1 **«l*lSt- 1 3 3. 2./zm€W-^»* 
*» m*iX*><l/>XLl tP8fll/>XL2 
»|fliC - +4 9. 9 ^m£tt#ft£-e3 HUH 
3rt'©ffiB<pa£E*- 2 0. 7mHg£W-«fl3*#5C: 
fctCfcoX, ■ljum£l*ltIEUSffiJKM4 
+ 0. lit£m«lj-1«jE-r*fcfc*C3V©«l4+0. 1 

V>XL 1©&«K U 
>XL 1 i:Wfll/>XL 2 t(D&m. *5<tU t 4o©U> 

[0 0 3 2] ±iE©HJ60iJT-Bu 2o®U>X«)MJ: 
lo©^F^©^JE^bi:ti»), a»ft*fcaBSJRMi: 

lo©l/>X©f»J: loffl^P^C^E^ftsiitit). 
»^^i:flb©®^*:iR^ i:£ HUE* 5 C i: *T- § 2. 


B\ 2o©V>X£ft$fi#ft£&i&£#TO£#v 'J>fc 
< k«-*©b>XftJtllit*ttX«»**SCi:t:i 
D 0«#Wft*JKHS?iilE-r S - 1 *> qffgT- & £ o 
[0 0 3 3] 

[%&] 'W±KfHbfc«t3t, *«5WTfi4x b>X&» 

**©a«ffi**^tra«©«ss*»ittf sets c t 

[■1B©«**I!M!] 

[Ei] *»w©*ifi«it**4a«B**B©*ia* 
[^©iKW] 
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